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(67)  Aninformation processing program that causes
a computer to execute a process that includes acquiring
a first candidate group that includes candidates of oper-
ating routes of each of a plurality of mobile bodies; ac-
quiring a second candidate group that includes candi-
dates of delivery routes of each of packages, the delivery
routes being combinations of candidates of operating
routes; setting a function that uses a first variable that
indicates whether to select each of the candidates includ-

ed in the first candidate group and a second variable that
indicates whether to select each of the candidates includ-
ed in the second candidate group; determining operation
and delivery routes so as to minimize the value specified
by the function under a constraint that candidates of op-
erating routes included in the combination of selected
candidates of the delivery routes according to the second
variable, are selected according to the first variable.
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Description
FIELD
[0001] The embodiment discussed herein is related to

an information processing program, an information
processing method, and an information processing de-
vice.

BACKGROUND

[0002] Conventionally, in a physical distribution indus-
try, there are cases where a delivery plan is created that
defines how to load a package on a mobile body and how
to deliver the same in order to reduce a delivery cost.
The delivery plan is formed of an operation plan and a
physical distribution plan. The operation plan defines a
route on which the mobile body moves. The physical dis-
tribution plan defines how to deliver the package from a
departure point to a destination point, and defines the
mobile body out of one or a plurality of mobile bodies
used therefore. For example, an expert creates the op-
eration plan and creates the physical distribution plan
based on the created operation plan.

[0003] As a conventional technology, for example, a
transportation plan is created with a backward voyage
as a start point for a series of transportation processes
that continue from loading, forward voyage, unloading,
backward voyage, and further loading, and then the
transportation plan for one voyage is fixed in order of the
backward voyage, loading, forward voyage, and unload-
ing. Furthermore, for example, there is a technology of
extracting process route selectable candidates for a
group of products to be manufactured or conveyed, and
selecting a strategically superior combination from all
combinations of the extracted process route selectable
candidates. Furthermore, for example, there is a tech-
nology of generating, in a case where an input premise
model matches a collation part of a read premise rule,
one or more constraint expressions represented by an
expansion part corresponding to the matching collation
part as the constraint expressions expanded from the
input premise model. Furthermore, for example, there is
a technology of optimizing a transportation schedule and
pricingin freight transportation together. Furthermore, for
example, there is a technology of selecting a transporta-
tion company to reduce an entire cost.

[0004] Japanese Laid-open Patent Publication No.
2012-020839, Japanese Laid-open Patent Publication
No. 2002-229635, Japanese Laid-open Patent Publica-
tion No. 2019-012488, U.S. Patent Application Publica-
tionNo.2018/0082253, and U.S. Patent Application Pub-
lication No. 2006/0241822 are disclosed as related art
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SUMMARY
[TECHNICAL PROBLEM]

[0005] However, the conventional technology mightin-
crease a processing amount required when creating a
delivery plan. For example, a physical distribution plan
depending on an operation plan is created after the op-
eration plan is created, so that it is difficult to reduce a
delivery cost in an entire delivery plan, and a processing
amount required when creating the entire delivery plan
easily increase.

[0006] Inone aspect, itis an object of this embodiment
to reduce the processing amount required when creating
the delivery plan.

[SOLUTION TO PROBLEM]

[0007] According to an aspect of the embodiments, an
information processing program that causes at least one
computer to execute a process, the process includes ac-
quiring a first candidate group that includes candidates
of operating routes of each of a plurality of mobile bodies;
acquiring a second candidate group that includes candi-
dates of delivery routes of each of packages, the delivery
routes being combinations of candidates of operating
routes selected from the first candidate group; setting a
function that uses a first variable that indicates whether
to select each of the candidates included in the first can-
didate group and a second variable that indicates wheth-
erto select each of the candidates included in the second
candidate group, the function specifying a value based
on a first cost regarding an operation of a mobile body
of the plurality of mobile bodies and a second cost re-
garding a delivery of a package of the plurality of pack-
ages; determining operation routes of each of the plurality
of mobile bodies from the first candidate group and de-
livery routes of each of the plurality of packages from the
second candidate group so as to minimize the value
specified by the function under a constraint, the con-
straint being that candidates of operating routes included
in the combination of selected candidates of the delivery
routes from the second candidate group according to the
second variable, are selected from the first candidate
group according to the first variable; and outputting the
operation routes of each of the plurality of mobile bodies
and the delivery routes of each of the plurality of pack-
ages.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0008] According to an aspect, a processing amount
required when creating a delivery plan may be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0009]
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FIG. 1 is an explanatory diagram (part 1) illustrating
an example of an information processing method ac-
cording to an embodiment;

FIG. 2 is an explanatory diagram (part 2) illustrating
an example of the information processing method
according to the embodiment;

FIG. 3 is an explanatory diagram illustrating an ex-
ample of an information processing system 300;
FIG. 4is a block diagram illustrating a hardware con-
figuration example of an information processing de-
vice 100;

FIG. 5is ablock diagram illustrating a functional con-
figuration example of the information processing de-
vice 100;

FIG. 6 is an explanatory diagram (part 1) illustrating
an operation example of the information processing
device 100;

FIG. 7 is an explanatory diagram (part 2) illustrating
the operation example of the information processing
device 100;

FIG. 8 is an explanatory diagram (part 3) illustrating
the operation example of the information processing
device 100;

FIG. 9 is an explanatory diagram (part 4) illustrating
the operation example of the information processing
device 100;

FIG. 10 is an explanatory diagram (part 5) illustrating
the operation example of the information processing
device 100;

FIG. 11 is an explanatory diagram (part 6) illustrating
the operation example of the information processing
device 100;

FIG. 12is an explanatory diagram (part 7) illustrating
the operation example of the information processing
device 100;

FIG. 13 is an explanatory diagram (part 8) illustrating
the operation example of the information processing
device 100;

FIG. 14 is an explanatory diagram (part 9) illustrating
the operation example of the information processing
device 100;

FIG. 15 is an explanatory diagram (part 10) illustrat-
ing the operation example of the information
processing device 100;

FIG. 16 is a flowchart illustrating an example of an
entire processing procedure;

FIG. 17 is a flowchart illustrating an example of a
first generation processing procedure;

FIG. 18is a flowchart illustrating another example of
the first generation processing procedure;

FIG. 19 is a flowchart illustrating an example of a
second generation processing procedure; and

FIG. 20 is a flowchart illustrating another example of
the second generation processing procedure.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, an embodiment of an information
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processing program, an information processing method,
and an information processing device will be described
in detail with reference to the drawings.

(Example of Information Processing Method according
to Embodiment)

[0011] FIGs. 1 and 2 are explanatory diagrams illus-
trating an example of an information processing method
according to an embodiment. In FIG. 1, an information
processing device 100 is a computer for reducing a
processing amount required when creating a delivery
plan that defines how to load a package onto a mobile
body and how to deliver the same.

[0012] The information processing device 100 is, for
example, a server, a personal computer (PC) or the like.
The mobile body is, for example, a person, a bicycle, a
truck, an airplane, a ship or the like. The package is, for
example, an object. The package may be, for example,
a person.

[0013] Here, it is desirable to create the delivery plan
so as to reduce a delivery cost. The delivery cost in-
cludes, for example, a cost regarding fuel, time or the
like required when the mobile body operates. The cost
is, for example, a financial, human, or time cost. The de-
livery cost includes, for example, a cost required when
delivering the package and the like. The delivery cost
includes, for example, a cost required when transship-
ping the package between the mobile bodies.

[0014] The delivery plan is formed of an operation plan
and a physical distribution plan. The operation plan de-
fines, forexample, an operation route on which the mobile
body operates. The operation route corresponds, for ex-
ample, a moving route of the mobile body. The physical
distribution plan defines, for example, how to deliver the
package from a departure point to a destination point,
and defines the mobile body out of one or a plurality of
mobile bodies used therefore. The physical distribution
plan defines, forexample, a delivery route of the package
using one or a plurality of mobile bodies.

[0015] Conventionally, for example, there is a case
where an expert creates the operation plan and creates
the physical distribution plan based on the created oper-
ation plan. In this case, the expert creates the operation
plan and thereafter creates the physical distribution plan
depending on the operation plan, so that it is difficult to
reduce the delivery cost in an entire delivery plan. When
the expert repeats trial and error to create the entire de-
livery plan to reduce the delivery cost, a rework occurs.
Therefore, there is a problem that the processing amount,
processing time and the like required until an appropriate
delivery plan is created tend to increase.

[0016] In contrast, a method in which all combinations
of the packages, the mobile bodies that deliver the pack-
ages, and the operation routes of the mobile bodies are
verified, thereby simultaneously optimizing the operation
plan and the physical distribution plan is conceivable.
Even by this method, it is difficult to solve the problem



5 EP 4 235 541 A1 6

that the processing amount, the processing time and the
like required until the appropriate delivery plan is created
tend to increase. As the number of packages and the
number of mobile bodies increase, the processing
amount, the processing time and the like required until
the appropriate delivery plan is created increase due to
a combination explosion.

[0017] For these reasons, it is desirable to create the
appropriate delivery plan so as to reduce the processing
amount and the processing time required when creating
the delivery plan and to reduce the delivery cost. There-
fore, in this embodiment, the information processing
method capable of reducing the processing amount and
the processing time required when creating the delivery
plan is described.

[0018] (1-1) Theinformation processing device 100 ac-
quires a first candidate group 110 including one or more
candidates 111 for an operation route of a mobile body
101 generated for each mobile body 101 out of a plurality
of mobile bodies 101. The information processing device
100 acquires the first candidate group 110 by generating
the first candidate group 110, for example. The informa-
tion processing device 100 may acquire the first candi-
date group 110 by receiving the first candidate group 110
from another computer, for example.

[0019] (1-2) Theinformation processing device 100 ac-
quires a second candidate group 120 including one or
more candidates 121 for a delivery route of a package
102 using one or more mobile bodies 101 included in the
plurality of mobile bodies 101 generated for each pack-
age 102 out of a plurality of packages 102. The second
candidate group 120 is generated based on the first can-
didate group 110, for example. The information process-
ing device 100 acquires the second candidate group 120
by generating the second candidate group 120, for ex-
ample. The information processing device 100 may ac-
quire the second candidate group 120 by receiving the
second candidate group 120 from another computer, for
example.

[0020] (1-3) The information processing device 100
sets an optimization problem using a first variable indi-
cating whether to select each candidate 111 included in
the acquired first candidate group 110 and a second var-
iable indicating whether to select each candidate 121 in-
cluded in the acquired second candidate group 120. The
first variable indicates, for example, whether to select the
candidate 111 included in the first candidate group 110
as an operation route 131 that forms a delivery plan 130.
The second variable indicates, for example, whether to
select the candidate 121 included in the second candi-
date group 120 as a delivery route 132 that forms the
delivery plan 130.

[0021] An object of the optimization problem is to op-
timize an index value based on a first cost regarding an
operation of the mobile body 101 and a second cost re-
garding delivery of the package 102. The optimization
problem includes, for example, an objective function in-
dicating the index value based on the first cost and the
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second cost. The index value corresponds to, for exam-
ple, the delivery cost. The first cost includes, for example,
a cost regarding fuel, time or the like required when the
mobile body 101 operates. The second cost includes, for
example, a cost regarding an amount of the package
102, the number of times the package 102 is trans-
shipped or the like required when delivering the package
102.

[0022] By solving the set optimization problem, the in-
formation processing device 100 determines the opera-
tion route 131 of each mobile body 101 out of the first
candidate group 110, and determines the delivery route
132 of each package 102 out of the second candidate
group 120. The information processing device 100 cal-
culates a solution of each first variable and a solution of
each second variable by solving the optimization prob-
lem, for example.

[0023] The information processing device 100 deter-
mines whether the solution of any first variable indicates
to select the candidate 111 corresponding to the first var-
iable out of the first candidate group 110 as the operation
route 131 that forms the delivery plan 130, for example.
Whenitisindicated thatthe candidate 111 corresponding
to the first variable is selected as the operation route 131
that forms the delivery plan 130, the information process-
ing device 100 determines that the candidate 111 corre-
sponding to the first variable is the operation route 131
that forms the delivery plan 130, for example.

[0024] The information processing device 100 deter-
mines whether the solution of any second variable indi-
cates to select the candidate 121 corresponding to the
second variable out of the second candidate group 120
as the delivery route 132 that forms the delivery plan 130,
for example. When it is indicated that the candidate 121
corresponding to the second variable is selected as the
delivery route 132 that forms the delivery plan 130, the
information processing device 100 determines that the
candidate 121 corresponding to the second variable is
the delivery route 132 that forms the delivery plan 130,
for example.

[0025] The information processing device 100 creates
the delivery plan 130 including the determined operation
route 131 and the determined delivery route 132. There-
fore, the information processing device 100 may create
an appropriate delivery plan 130 so as to reduce the de-
livery cost while reducing the processing amount and the
processing time required when creating the delivery plan
130. Next, it shifts to the description of FIG. 2, and an
example of the delivery plan 130 to be created is de-
scribed.

[0026] In the example of FIG. 2, the mobile body 101
is assumed to be a truck. The delivery plan 130 includes,
for example, an operation route from a base A to a base
lviabases C, D, and G in this order as an operation route
of a truck a. The delivery plan 130 includes, for example,
an operation route from a base E to a base H via the
base G as an operation route of a truck b. The delivery
plan 130 includes, for example, an operation route from
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abase B to abase F via the base D as an operation route
of a truck c.

[0027] The delivery plan 130 includes, for example, a
delivery route from the base B to the base H via the bases
D and G as a delivery route of a package 1. The package
1 is transshipped from the truck c to the truck a at the
base D. The package 1 is transshipped from the truck a
to the truck b at the base G. The delivery plan 130 in-
cludes, for example, a delivery route from the base C to
the base F viathe base D as a delivery route of a package
2. The package 2 is transshipped from the truck a to the
truck c at the base D.

[0028] Here, a case where the information processing
device 100 operates independently is described, but it is
not limited to this. For example, there may be a case
where a plurality of computers cooperates to implement
a function as the information processing device 100. For
example, there may be a case where a computer that
generates the first candidate group 110, a computer that
generates the second candidate group 120, a computer
that sets the optimization problem, and a computer that
solves the optimization problem cooperate with one an-
other. An example of a case where the plurality of com-
puters cooperates with one another is described later
with reference to FIG. 3.

(Example of Information Processing System 300)

[0029] Next, an example of an information processing
system 300 that implements the function as the informa-
tion processing device 100 illustrated in FIG. 1 is de-
scribed with reference to FIG. 3.

[0030] FIG. 3 is an explanatory diagram illustrating an
example of the information processing system 300. In
FIG. 3, the information processing system 300 includes
afirst generation device 301, a second generation device
302, a problem setting device 303, a solution processing
device 304, and a client device 305.

[0031] In the information processing system 300, the
first generation device 301 and the problem setting de-
vice 303 are connected to each other via a wired or wire-
less network 310. The network 310 is, for example, a
local area network (LAN), a wide area network (WAN),
the Internetand the like. Furthermore, the first generation
device 301 and the solution processing device 304 are
connected to each other via the wired or wireless network
310.

[0032] Furthermore, the second generation device 302
and the problem setting device 303 are connected to
each other via the wired or wireless network 310. Fur-
thermore, the second generation device 302 and the so-
lution processing device 304 are connected to each other
via the wired or wireless network 310. Furthermore, the
problem setting device 303 and the solution processing
device 304 are connected to each other via the wired or
wireless network 310. Furthermore, the solution process-
ing device 304 and the client device 305 are connected
to each other via the wired or wireless network 310.

10

15

20

25

30

35

40

45

50

55

[0033] The first generation device 301 is the computer
that generates the first candidate group. The first gener-
ation device 301 receives a request for generating the
first candidate group from the solution processing device
304. The first generation device 301 generates the first
candidate groupin response to the request for generating
the first candidate group, and transmits the same to the
problem setting device 303. The first generation device
301 is, for example, a server, a PC or the like.

[0034] The second generation device 302 is the com-
puter that generates the second candidate group. The
second generation device 302 receives a request for gen-
erating the second candidate group from the solution
processing device 304. The second generation device
302 generates the second candidate group in response
totherequestforgenerating the second candidate group,
and transmits the same to the problem setting device
303. The second generation device 302 is, for example,
a server, a PC or the like.

[0035] The problem setting device 303 is the computer
that sets the optimization problem. The problem setting
device 303 receives the first candidate group from the
first generation device 301. The problem setting device
303 receives the second candidate group from the sec-
ond generation device 302. The problem setting device
303 sets the optimization problem to optimize the index
value regarding the delivery cost based on the received
first candidate group and the received second candidate
group. The problem setting device 303 transmits the set
optimization problem to the solution processing device
304. The problem setting device 303 is, for example, a
server, a PC or the like.

[0036] The solution processing device 304 is the com-
puter that solves the optimization problem and creates
the delivery plan. The solution processing device 304
receives a request for creating the delivery plan from the
client device 305. In response to the request for creating
the delivery plan, the solution processing device 304
transmits the request for generating the first candidate
group to the first generation device 301, and transmits
the request for generating the second candidate group
to the second generation device 302. The solution
processing device 304 receives the optimization problem
from the problem setting device 303. The solution
processing device 304 determines the operation route
and determines the delivery route by solving the optimi-
zation problem. The solution processing device 304 cre-
ates the delivery planincluding the determined operation
route and the determined delivery route, and transmits
the same to the client device 305. The solution process-
ing device 304 is, for example, a server, a PC or the like.
[0037] The client device 305 is a computer used by a
user who uses the delivery plan. The client device 305
transmits the request for creating the delivery plan to the
solution processing device 304 based on an operation
input by the user. The client device 305 receives the de-
livery plan from the solution processing device 304. The
client device 305 outputs the received delivery plan so
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that the user may refer to the same. The client device
305is, forexample, a PC, a tablet terminal, a smartphone
or the like.

[0038] Here, a case where the first generation device
301 and the second generation device 302 are different
devices is described, but it is not limited to this. For ex-
ample, there may be a case where the first generation
device 301 has a function as the second generation de-
vice 302 and also operates as the second generation
device 302. Here, a case where the problem setting de-
vice 303 and the solution processing device 304 are dif-
ferent devices is described, but it is not limited to this.
For example, there may be a case where the problem
setting device 303 has a function as the solution process-
ing device 304 and also operates as the solution process-
ing device 304.

[0039] Here, a case where the problem setting device
303 and the first generation device 301 are different de-
vicesis described, butitis notlimited to this. Forexample,
there may be a case where the problem setting device
303 has a function as the first generation device 301 and
also operates as the first generation device 301. Here, a
case where the problem setting device 303 and the sec-
ond generation device 302 are different devices is de-
scribed, but it is not limited to this. For example, there
may be a case where the problem setting device 303 has
a function as the second generation device 302 and also
operates as the second generation device 302. Herein-
after, a case where the information processing device
100 operates independently is mainly described.

(Hardware Configuration Example of Information
Processing Device 100)

[0040] Next, a hardware configuration example of the
information processing device 100 is described with ref-
erence to FIG. 4.

[0041] FIG. 4 is a block diagram illustrating the hard-
ware configuration example of the information process-
ing device 100. In FIG. 4, the information processing de-
vice 100 includes a central processing unit (CPU) 401,
a memory 402, a network interface (I/F) 403, a recording
medium I/F 404, and a recording medium 405. Further-
more, the respective components are connected to one
another by a bus 400.

[0042] Here, the CPU 401 controls an entire informa-
tion processing device 100. The memory 402 includes,
for example, a read only memory (ROM), a random ac-
cess memory (RAM), a flash ROM and the like. For ex-
ample, the flash ROM or the ROM stores various pro-
grams, and the RAM is used as a work area for the CPU
401. The program stored in the memory 402 is loaded
onto the CPU 401, thereby causing the CPU 401 to ex-
ecute coded processing.

[0043] Thenetwork|l/F 403 is connected to the network
310 via a communication line, and is connected to an-
other computer via the network 310. Then, the network
I/F 403 serves as an interface between the network 310
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and the inside to control an input and an output of data
from and to the another computer. The network I/F 403
is, for example, a modem, a LAN adapter and the like.
[0044] The recording medium I/F 404 controls reading
and writing of data from and to the recording medium 405
under the control of the CPU 401. The recording medium
I/F 404 is, for example, a disk drive, a solid state drive
(SSD), a universal serial bus (USB) port and the like. The
recording medium 405 is a nonvolatile memory that
stores the data written under the control of the recording
medium I/F 404. The recording medium 405 is, for ex-
ample, a disk, a semiconductor memory, a USB memory
and the like. The recording medium 405 may be attach-
able to and detachable from the information processing
device 100.

[0045] The information processing device 100 may in-
clude, for example, a keyboard, a mouse, a display, a
printer, a scanner, a microphone, a speaker and the like
in addition to the above-described components. Further-
more, the information processing device 100 may include
a plurality of recording media I/Fs 404 and a plurality of
recording media 405. Furthermore, the information
processing device 100 does not have to include the re-
cording medium I/F 404 or the recording medium 405.
[0046] Since a hardware configuration example of the
firstgeneration device 301, the second generation device
302, the problem setting device 303, the solution
processing device 304, and the client device 305 is sim-
ilar to the hardware configuration example of the infor-
mation processing device 100 illustrated in FIG. 4, for
example, description thereof is omitted.

(Functional Configuration Example of Information
Processing Device 100)

[0047] Next, a functional configuration example of the
information processing device 100 is described with ref-
erence to FIG. 5.

[0048] FIG. 5 is a block diagram illustrating the func-
tional configuration example of the information process-
ing device 100. The information processing device 100
includes a storage unit 500, an acquisition unit 501, a
generation unit 502, a setting unit 503, a solving unit 504,
and an output unit 505.

[0049] The storage unit 500 is implemented by, for ex-
ample, a storage area such as the memory 402 and the
recording medium 405 illustrated in FIG. 4. Hereinafter,
a case where the storage unit 500 is included in the in-
formation processing device 100 is described, but it is
not limited to this. For example, there may be a case
where the storage unit500is included in a device different
from the information processing device 100, and the in-
formation processing device 100 may refer to stored con-
tents of the storage unit 500.

[0050] The acquisition unit 501 to the output unit 505
serve as an example of a control unit. For example, the
acquisition unit 501 to the output unit 505 implement func-
tions thereof by causing the CPU 401 to execute the pro-
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gram stored in the storage area such as the memory 402
and the recording medium 405 illustrated in FIG. 4 or by
the network I/F 403. A processing result of each func-
tional unit is stored in, for example, the storage area such
as the memory 402 and the recording medium 405 illus-
trated in FIG. 4.

[0051] The storage unit 500 stores various types of in-
formation referred to or updated in the processing of each
functional unit. The storage unit 500 stores, for example,
a plurality of points. The point may be, for example, a
departure point, a passing point, or an arrival point of the
mobile body. The point may be, for example, a departure
point, a passing point, or an arrival point of the package.
The storage unit 500 stores, for example, a connection
relationship between the points. For example, the stor-
age unit 500 stores information indicating the points be-
tween which the mobile body is movable so as to be
specified. The storage unit 500 may store, for example,
a cost between the points. For example, the storage unit
500 stores information indicating the financial or time cost
required when the mobile body moves between the
points.

[0052] The storage unit 500 stores the first candidate
group including one or more candidates for the operation
route of the mobile body generated for each mobile body
out of a plurality of mobile bodies, for example. The can-
didate for the operation route indicates, for example, a
combination of the departure point, the passing point,
and the arrival point of the mobile body. The first candi-
date group is acquired by, for example, the acquisition
unit 501. The first candidate group may be generated by,
for example, the generation unit 502.

[0053] The storage unit 500 stores the second candi-
date group including one or more candidates for the de-
livery route of the package generated for each package
out of a plurality of packages, for example. The second
candidate group is generated based on the first candidate
group, for example. The candidate for the delivery route
isimplemented using one or more mobile bodies included
in the plurality of mobile bodies. The candidate for the
delivery route indicates, for example, a combination of
the departure point, the passing point, and the arrival
point of the package. The second candidate group is ac-
quired by, for example, the acquisition unit 501. The sec-
ond candidate group may be generated by, for example,
the generation unit 502.

[0054] The storage unit 500 stores, for example, the
delivery plan. The delivery plan is formed of one or more
operation routes and one or more delivery routes. The
operation route indicates, for example, a combination of
the departure point, the passing point, and the arrival
point of the mobile body. The operation route corre-
sponds to, for example, the candidate included in the first
candidate group. For example, the candidate included in
the first candidate group is selected as the operation
route, so that the operation route is determined.

[0055] The delivery route indicates, for example, a
combination of the departure point, the passing point,
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and the arrival point of the package. The delivery route
corresponds to, for example, the candidate included in
the second candidate group. For example, the candidate
included in the second candidate group is selected as
the delivery route, so that the delivery route is deter-
mined. The delivery plan is determined by the solving
unit 504, for example. The operation route is determined
by the solving unit 504, for example. The delivery route
is determined by the solving unit 504, for example.
[0056] The acquisition unit 501 acquires various types
of information used in the processing of each functional
unit. The acquisition unit 501 stores the acquired various
types of information in the storage unit 500 or outputs
the same to each functional unit. Furthermore, the ac-
quisition unit 501 may output the various types of infor-
mation stored in the storage unit 500 to each functional
unit. The acquisition unit 501 acquires the various types
of information based on, for example, the operation input
by the user. The acquisition unit 501 may receive the
various types of information from, for example, a device
different from the information processing device 100.
[0057] The acquisition unit 501 acquires, for example,
the first candidate group. The acquisition unit 501 ac-
quires the first candidate group by receiving the first can-
didate group from another computer, for example. The
acquisition unit 501 may acquire the first candidate group
by accepting an input of the first candidate group based
on the operation input by the user, for example.

[0058] The acquisition unit 501 acquires, for example,
the second candidate group. The acquisition unit 501 ac-
quires the second candidate group by receiving the sec-
ond candidate group from another computer, for exam-
ple. The acquisition unit 501 may acquire the second
candidate group by accepting an input of the second can-
didate group based on the operation input by the user,
for example.

[0059] The acquisition unit 501 may acquire first infor-
mation that enables generation of the first candidate
group, for example. The first information includes, for ex-
ample, information indicating the departure point and the
arrival point of the mobile body. This makes it possible
for the acquisition unit 501 to generate the first candidate
group.

[0060] The acquisition unit 501 may acquire second
information that enables generation of the second can-
didate group, for example. The second information in-
cludes, for example, information indicating the departure
point and the arrival point of the package. The second
information may include, for example, information indi-
cating an amount of the packages that the mobile body
may deliver. This makes it possible for the acquisition
unit 501 to generate the second candidate group.
[0061] The acquisition unit 501 may accept a start trig-
ger to start the processing of any functional unit. The start
trigger is, for example, a predetermined operation input
by the user. The start trigger may be, for example, re-
ception of predetermined information from another com-
puter. The start trigger may be, for example, an output
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of predetermined information by any functional unit.
[0062] The acquisition unit 501 may accept the fact
that the first candidate group and the second candidate
group are acquired as the start trigger to start processing
of the setting unit 503 and the solving unit 504, for ex-
ample. The acquisition unit 501 may accept the fact that
the first information that enables the generation of the
first candidate group and the second information that en-
ables the generation of the second candidate group as
the start trigger to start processing of the generation unit
502, the setting unit 503, and the solving unit 504, for
example.

[0063] The generation unit 502 generates the first can-
didate group. The generation unit 502 generates a short-
est operation route from the departure point of the mobile
body to the arrival point of the mobile body as the can-
didate for the operation route of the mobile body based
on the first information with reference to the storage unit
500, for example. The generation unit 502 generates one
or more bypass routes from the departure point of the
mobile body to the arrival point of the mobile body based
on the generated shortest operation route as the candi-
date for the operation route of the mobile body based on
the first information with reference to the storage unit
500, for example. The generation unit 502 generates the
first candidate group including generated one or more
candidates for the operation route of the mobile body, for
example. Therefore, the generation unit 502 may set the
optimization problem and may determine the operation
route that forms the delivery plan.

[0064] The generation unit 502 may specify, for exam-
ple, out of existing operation routes of each mobile body,
the passing point of the mobile body on the operation
route on which the amount of the packages delivered by
the mobile body is relatively small. The generation unit
502 generates the operation route from the departure
point of the mobile body to the arrival point of the mobile
body including the specified passing point as the candi-
date for the operation route of the mobile body based on
the first information with reference to the storage unit
500, for example. The generation unit 502 generates the
first candidate group including generated one or more
candidates for the operation route of the mobile body, for
example. Therefore, the generation unit 502 may set the
optimization problem and may determine the operation
route that forms the delivery plan. The generation unit
502 may facilitate the reduction in delivery cost in the
delivery plan.

[0065] The generation unit 502 generates the second
candidate group. The generation unit 502 generates the
delivery route from the departure point of the package to
the arrival point of the package formed of a combination
of a relatively small number of candidates out of the ac-
quired first candidate group as a candidate for the deliv-
ery route of the package based on the second information
with reference to the storage unit 500, for example. The
generation unit 502 generates the second candidate
group including the generated candidate for the delivery
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route of the package, for example. Therefore, the gen-
eration unit 502 may set the optimization problem and
may determine the delivery route that forms the delivery
plan.

[0066] The generation unit 502 may generate the de-
livery route from the departure point of the package to
the arrival point of the package on which delivery time of
the package becomes relatively short formed of a com-
bination of one or more candidates out of the acquired
first candidate group as the candidate for the delivery
route of the package based on the second information,
for example. The generation unit 502 generates the sec-
ond candidate group including the generated candidate
for the delivery route of the package, for example. There-
fore, the generation unit 502 may set the optimization
problem and may determine the delivery route that forms
the delivery plan.

[0067] The setting unit 503 sets the optimization prob-
lem to optimize the index value using the first variable
indicating whether to select each candidate included in
the acquired first candidate group and the second vari-
able indicating whether to select each candidate included
in the acquired second candidate group. The index value
is defined based on the first cost regarding the operation
of the mobile body and the second cost regarding the
delivery of the package, for example. The index value
corresponds to, for example, the delivery cost regarding
the entire delivery plan. As a value of the index value is
smaller, it is indicated that the delivery cost is smaller,
for example. The optimization is, for example, minimiza-
tion.

[0068] The first cost is defined based on the number
of candidates selected out of the first candidate group,
whether the mobile body corresponding to the candidate
exists, and the operation time of the mobile body corre-
sponding to the candidate, for example. The second cost
is defined based on the number of candidates selected
out of the second candidate group, the amount of the
packages corresponding to the candidate, and the
number of mobile bodies that deliver the package corre-
sponding to the candidate, for example. Therefore, the
setting unit 503 may determine the operation route and
the delivery route.

[0069] The setting unit 503 may set, for example, the
optimization problem including a constraint regarding an
upper limit of the amount of the packages that the mobile
body may deliver. Therefore, the setting unit 503 may
determine feasible operation route and delivery route in
consideration of the upper limit of the amount of the pack-
ages that the mobile body may del iver.

[0070] By solving the optimization problem set by the
setting unit 503, the solving unit 504 determines the op-
eration route of each mobile body out of the first candidate
group, and determines the delivery route of each pack-
age out of the second candidate group, too. The solving
unit 504 calculates the solution of each first variable and
the solution of each second variable by solving the opti-
mization problem, for example.
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[0071] For example, when the solution of any first var-
iable indicates to select the candidate corresponding to
the first variable out of the first candidate group as the
operation route that forms the delivery plan, the solving
unit 504 determines that the candidate corresponding to
the first variable is the operation route that forms the de-
livery plan. Forexample, when the solution of any second
variable indicates to select the candidate corresponding
to the second variable out of the second candidate group
as the delivery route that forms the delivery plan, the
solving unit 504 determines that the candidate corre-
sponding to the second variable is the delivery route that
forms the delivery plan.

[0072] The solving unit 504 generates the delivery plan
including the determined operation route and the deter-
mined delivery route, for example. Therefore, the solving
unit 504 may reduce the processing amount and the
processing time required when generating the delivery
plan. The solving unit 504 may generate the appropriate
delivery plan so as to reduce the delivery cost.

[0073] The output unit 505 outputs a processing result
of at least any functional unit. An output format is, for
example, display on a display, a print output to a printer,
transmission to an external device by the network I/F
403, or storage in the storage area such as the memory
402 and the recording medium 405. Therefore, the output
unit 505 may notify the user of the processing result of
atleastany functional unitand may improve convenience
of the information processing device 100. The output unit
505 outputs the delivery plan generated by the solving
unit504 so that the user may refer to the same. Therefore,
the output unit 505 may use the appropriate delivery plan
with relatively reduced delivery cost.

[0074] Here, a case where the information processing
device 100 includes the acquisition unit 501, the gener-
ation unit 502, the setting unit 503, the solving unit 504,
and the output unit 505 is described, but it is not limited
to this. For example, there may be a case where the
information processing device 100 does not include any
one of the functional units. For example, there may be a
case where the information processing device 100 does
not include the generation unit 502. In this case, the in-
formation processing device 100 communicates with an-
other computer including the generation unit 502 to ac-
quire the first candidate group and the second candidate

group.

(Operation Example of Information Processing Device
100)

[0075] Next, an operation example of the information
processing device 100 is described with reference to
FIGs. 6 to 15.

[0076] FIGs.6to 15 are explanatory diagramsiillustrat-
ing the operation example of the information processing
device 100. In FIG. 6, it is assumed that the information
processingdevice 100 stores a graph formed of a plurality
of nodes representing different points, respectively. The
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nodes corresponding to the points between which it is
possible to move are connected to each other by a link.
Itis assumed that the information processing device 100
stores mobile body information indicating the departure
point and the arrival point of each mobile body out of a
plurality of mobile bodies. The information processing
device 100 generates one or more candidates for the
operation plan based on the graph and the mobile body
information.

[0077] In the example of FIG. 6, the information
processing device 100 generates, for each mobile body,
ashortest route 600 from the departure point to the arrival
point of the mobile body as the candidate for the operation
route, for example. The information processing device
100 generates, for each mobile body, a bypass route 601
from the departure point to the arrival point of the mobile
body based on the generated candidate for the shortest
operation route as the candidate for the operation route,
forexample. The information processing device 100 gen-
erates the candidate for the operation plan indicating the
generated candidate for the operation route, forexample.
The candidate for the operation plan may include arrival
time and departure time of the mobile body at each point
on the operation route.

[0078] Therefore, the information processing device
100 may select various bypass routes as the operation
route. The information processing device 100 may ac-
quire the candidate for the operation route that is difficult
to create manually. Therefore, the information process-
ing device 100 may facilitate determination of the appro-
priate operation route. Next, it shifts to the description of
FIG. 7, and another example in which the information
processing device 100 generates the candidate for the
operation plan will be described.

[0079] |In FIG. 7, it is assumed that the information
processing device 100 stores a graph formed of a plurality
of nodes representing different points, respectively. The
nodes corresponding to the points between which it is
possible to move are connected to each other by a link.
Itis assumed that the information processing device 100
stores mobile body information indicating the departure
point and the arrival point of each mobile body out of a
plurality of mobile bodies. The information processing
device 100 stores an existing delivery plan. The existing
delivery plan indicates an operation route of a past mobile
body, a delivery route of a past package, and a weight
of the past package. The information processing device
100 generates one or more candidates for the operation
plan based on the graph, the mobile body information,
and the existing delivery plan.

[0080] In the example of FIG. 7, the information
processing device 100 specifies a point serving as a
passing point or an arrival point at which the past mobile
body, the sum of the weights of the packages delivered
by which is relatively small, has operated out of a plurality
of points based on the graph and the existing delivery
plan, forexample. The information processing device 100
generates, for each mobile body, a route 701 including
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a relatively large number of specified points out of a plu-
rality of routes from the departure point to the arrival point
of the mobile body as the candidate for the operation
route, for example. The information processing device
100 generates the candidate for the operation plan indi-
cating the generated candidate for the operation route,
for example. The candidate for the operation plan may
include arrival time and departure time of the mobile body
at each point on the operation route.

[0081] Therefore, the information processing device
100 may select the route on which the package that pass-
es through the specified point may be retrieved to be
delivered as the operation route. Therefore, the informa-
tion processing device 100 may facilitate allocation of the
packages handled by one mobile body to another mobile
body, and may reduce the number of operation routes.
Next, it shifts to the description of FIG. 8, and an example
is described in which the information processing device
100 specifies the point serving as the passing point or
the arrival point at which the past mobile body, the sum
of the weights of the packages delivered by which is rel-
atively small, has operated.

[0082] In FIG. 8, it is assumed that the information
processing device 100 stores the existing delivery plan
including a physical distribution plan 801 and an opera-
tion plan 802. The physical distribution plan 801 includes
a delivery route of a past package C1 and a weight of
the past package C1. The delivery route indicates, for
example, from which node to which node the past pack-
age C1 is delivered, and indicates the mobile body of the
operation plan by which the past package C1 is delivered.
The operation plan 802 includes the operation route on
which the mobile body operates. The operation route in-
dicates, for example, when and at which node the mobile
body arrives, and when and from which node this departs.
The operation plan 802 may include the weight that may
delivered by the mobile body.

[0083] The information processing device 100 speci-
fies that the weight of the delivered package is 900 kg in
a section from a node N4 to a node N9 on the operation
route indicated by the operation plan 802 based on the
physical distribution plan 801, for example. The informa-
tion processing device 100 specifies the weight of the
delivered package in each section of the operation route
indicated by the operation plan 802 and adds up the same
based on the physical distribution plan 801, for example.
Therefore, the information processing device 100 may
calculate the sum of the weights of the packages to be
delivered on the entire operation route. Therefore, the
information processing device 100 may specify the point
serving as the passing point or the arrival point included
in the operation route on which the past mobile body, the
sum of the weights of the packages delivered by which
is relatively small, has operated.

[0084] It is assumed that the information processing
device 100 generates one or more candidates for the
operation plan by the method illustrated in FIG. 6 or the
method illustrated in FIG. 7. The information processing
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device 100 may generate one or more candidates for the
operation plan by both the methods illustrated in FIGs. 6
and 7. Next, it shifts to the description of FIG. 9.

[0085] In FIG. 9, it is assumed that the information
processing device 100 stores a graph formed of a plurality
of nodes representing different points, respectively. The
nodes corresponding to the points between which it is
possible to move are connected to each other by a link.
Itis assumed that the information processing device 100
stores package information indicating the departure point
and the arrival point of each package out of the plurality
of packages. The information processing device 100 gen-
erates one or more candidates for the physical distribu-
tion plan based on the generated one or more candidates
for the operation plan, the graph, and the package infor-
mation.

[0086] In the example of FIG. 9, the information
processing device 100 generates, for each package, a
route on which the number of times the package is trans-
shipped is relatively small out of a plurality of routes from
the departure point to the arrival point of the package as
the candidate for the delivery route based on one or more
candidates for the operation plan, for example. The
number of times the package is transshipped corre-
sponds to, for example, the number of mobile bodies in-
volved in the delivery from the departure point to the ar-
rival point of the package. The number of times the pack-
age is transshipped corresponds to, for example, the
number of candidates for the operation plan used for the
candidate for the physical distribution plan.

[0087] Forexample, the information processing device
100 generates the route on which the number of times
the package is transshipped is the smallest out of the
plurality of routes from the departure point to the arrival
point of the package as the candidate for the delivery
route. For example, the information processing device
100 generates a route 901 on which the number of times
the package is transshipped is the smallest out of a plu-
rality of routes 901 to 906 from the departure point to the
arrival point of the package as the candidate for the de-
livery route.

[0088] Forexample, the information processing device
100 may generate a predetermined number of routes in
order from the route on which the number of times the
package is transshipped is the smallest out of the plurality
of routes from the departure point to the arrival point of
the package as the candidates for the delivery route. For
example, the information processing device 100 may
generate the route on which the number of times the
package is transshipped is smaller than a threshold out
of the plurality of routes from the departure point to the
arrival point of the package as the candidate for the de-
livery route.

[0089] The information processing device 100 gener-
ates the candidate for the physical distribution plan indi-
cating the generated candidate for the delivery route.
Therefore, the information processing device 100 may
facilitate determination of an appropriate physical distri-
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bution plan that easily suppresses anincrease in delivery
cost due to the transshipment of the package. Next, it
shifts to the description of FIG. 10, and another example
in which the information processing device 100 gener-
ates the candidate for the physical distribution plan will
be described.

[0090] In FIG. 10, it is assumed that the information
processingdevice 100 stores a graph formed of a plurality
of nodes representing different points, respectively. The
nodes corresponding to the points between which it is
possible to move are connected to each other by a link.
The information processing device 100 stores package
information indicating the departure point and the arrival
point of each package out of the plurality of packages.
The information processing device 100 generates one or
more candidates for the physical distribution plan based
on the generated one or more candidates for the opera-
tion plan, the graph, and the package information.
[0091] In the example of FIG. 10, the information
processing device 100 generates, for each package, a
route on which the delivery time of the package is rela-
tively small out of a plurality of routes from the departure
point to the arrival point of the package as the candidate
for the delivery route, for example. The delivery time is,
for example, time required when delivering the package
from the departure point to the arrival point of the pack-
age. The delivery time includes, for example, the opera-
tion time required when the mobile body on which the
package is loaded operates, and transshipping time re-
quired when the package is transshipped between the
mobile bodies.

[0092] Forexample,the information processing device
100 generates the route on which the delivery time is the
shortest out of the plurality of routes from the departure
point to the arrival point of the package as the candidate
for the delivery route. For example, the information
processing device 100 specifies, for each route out of
the plurality of routes from the departure point to the ar-
rival point of the package, the operation time required
when the mobile body operates in each section of the
route, and the transshipping time required when trans-
shipping the package on the route. For example, the in-
formation processing device 100 calculates the delivery
time on the entire route by adding the specified operation
time and the specified transshipping time for each route.
Forexample, the information processing device 100 gen-
erates the route on which the calculated delivery time is
the shortest as the candidate for the delivery route.
[0093] Forexample,the information processing device
100 may generate a predetermined number of routes in
order from the route on which the delivery time is the
shortest out of the plurality of routes from the departure
point to the arrival point of the package as the candidate
for the delivery route. For example, the information
processing device 100 may generate the route on which
the delivery time is shorter than a threshold out of the
plurality of routes from the departure point to the arrival
point of the package as the candidate for the delivery
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route.

[0094] The information processing device 100 gener-
ates the candidate for the physical distribution plan indi-
cating the generated candidate for the delivery route.
Therefore, the information processing device 100 may
facilitate determination of the appropriate physical distri-
bution plan that easily suppresses the increase in deliv-
ery cost due to the operation of the mobile body. It is
assumed that the information processing device 100 gen-
erates one or more candidates for the physical distribu-
tion plan by the method illustrated in FIG. 9 or the method
illustrated in FIG. 10. The information processing device
100 may generate one or more candidates for the phys-
ical distribution plan by both the methods illustrated in
FIGs. 9 and 10. Next, it shifts to the description of FIG.
11, and an example of the generated candidate for the
operation plan and an example of the generated candi-
date for the physical distribution plan will be described.
[0095] As illustrated in FIG. 11, the information
processing device 100 generates, for example, the can-
didate for the operation plan indicating a candidate 1101
for the operation route, the candidate for the operation
plan indicating a candidate 1102 for the operation route
and the like. The candidate 1101 for the operation route
is a route connecting a point 1 as a start point, a point 2
as a passing point 1, a point 3 as a passing point 2, and
a point 4 as an end point in this order. The candidate
1102 for the operation route is a route connecting a point
5 as a start point, the point 2 as a passing point 1, and a
point 6 as an end point in this order.

[0096] The information processing device 100 gener-
ates the candidate for the physical distribution plan indi-
cating a candidate 1103 for the delivery route and the
like, for example. The candidate 1103 for the delivery
route is a route connecting the point 5 as a start point,
the point 2 as a passing point 1, and the point 3 as an
end pointin this order. The candidate 1103 for the deliv-
ery route is formed of a combination of sections included
in each candidate out of one or more candidates for the
operationroute. The candidate 1103 for the delivery route
is formed of, for example, a combination of a section 4
included in the candidate 1102 for the operation route
and a section 2 included in the candidate 1101 for the
operation route. Therefore, at the point 2, the package
is transshipped between the mobile bodies. Next, an ex-
ample in which the information processing device 100
generates the delivery plan will be described with refer-
ence to FIGs. 12 to 15.

[0097] A graph 1200 of FIG. 12 is formed of a plurality
of nodes representing different points, respectively. The
nodes corresponding to the points between which it is
possible to move are connected to each other by a link.
The graph 1200 illustrates a plurality of points and the
points between which it is movable so as to be specified.
Itis assumed that the information processing device 100
stores the graph 1200. Next, it shifts to the description
of FIG. 13.

[0098] As illustrated in FIG. 13, it is assumed that the
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information processing device 100 stores the generated
candidate for the operation plan. The information
processing device 100 stores, for example, an operation
plan candidate management table 1300. The operation
plan candidate management table 1300 includes, for ex-
ample, fields of number, loadable weight upper limit, and
base x. x represents an integer not smaller than 1. In the
operation plan candidate management table 1300, infor-
mation is set in each field for each candidate for the op-
eration plan, so that the candidate for the operation plan
is stored as a record.

[0099] In the field of number, a number i assigned to
the candidate for the operation plan is set. In the field of
loadable weight upper limit, a loadable weight upper limit
of the mobile body used for the candidate for the opera-
tion plan with the above-described number i is set. In the
field of base x, a sign assigned to the base at which the
mobile body arrives x-th in the candidate for the operation
route included in the candidate for the operation plan with
the above-described number i is set. Next, it shifts to the
description of FIG. 14.

[0100] As illustrated in FIG. 14, it is assumed that the
information processing device 100 stores the generated
candidate for the physical distribution plan. The informa-
tion processing device 100 stores, for example, a phys-
ical distribution plan candidate management table 1400.
The physical distribution plan candidate management ta-
ble 1400 includes, for example, fields of number, pack-
age, departure point, arrival point, weight, operation vy,
and section y. y represents an integer not smaller than
1. In the physical distribution plan candidate manage-
ment table 1400, information is set in each field for each
candidate for the physical distribution plan, so that the
candidate for the physical distribution plan is stored as a
record.

[0101] Inthe field of number, a number assigned to the
candidate for the physical distribution plan is set. In the
field of package, a sign assigned to the package delivered
in the above-described candidate for the physical distri-
bution plan is set. In the field of departure point, a sign
assigned to the base as the departure point of the above-
described package in the above-described candidate for
the physical distribution plan is set. In the field of arrival
point, a sign assigned to the base as the arrival point of
the above-described package in the above-described
candidate for the physical distribution plan is set.
[0102] In the field of weight, the weight of the above-
described package is set. In the field of operation x, a
number assigned to the candidate for the operation plan
used for the above-described candidate for the physical
distribution plan is set. In the field of operation x, for ex-
ample, a number assigned to the candidate for the op-
eration plan indicating the candidate for the operation
route including the section forming the candidate for the
delivery route indicated by the candidate for the physical
distribution planis set. In the field of section x, the section
includedin the candidate for the operation route indicated
by the above-described candidate for the operation plan
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forming the candidate for the delivery route indicated by
the above-described candidate for the physical distribu-
tion planis set. Next, it shifts to the description of FIG. 15.
[0103] In FIG. 15, the information processing device
100 sets the optimization problem based on p candidates
for the operation plan and m candidates for the physical
distribution plan. The information processing device 100
prepares a variable X = (x4, X,...). X indicates whether
to select a candidate j for the physical distribution plan
as the physical distribution plan included in the delivery
plan. X is set to 1 in a case where the candidate j for the
physical distribution plan is selected. X issetto0ina
case where the candidate j for the physical distribution
plan is not selected. j = 1,..., m.

[0104] The information processing device 100 pre-
pares a variable Y = (yy, y5,...). y; indicates whether to
selecta candidate j for the operation plan as the operation
plan included in the delivery plan. Y| is setto 1in a case
where the candidate j for the operation plan is selected.
y; is set to 0 in a case where the candidate j for the op-
eration plan is not selected. j = 1,..., p.

[0105] The information processing device 100 sets a
first constraint. The first constraint is that each package
is completely delivered from the departure point to the
arrival point by any candidate for the physical distribution
plan. The first constraint is, for example, AX = 1. A rep-
resents an nxm matrix. An element a; in an i-th row and
a j-th column of A is set to 1 in a case where a j-th can-
didate for the physical distribution plan corresponds to
an i-th package. The element aj in the i-th row and the j-
th column of Ais setto 0 in a case where the j-th candidate
for the physical distribution plan does not correspond to
the i-th package. Arepresents, for example, a 3 X7 matrix
illustrated in FIG. 15.

[0106] The information processing device 100 sets a
second constraint. The second constraint is that the can-
didate for the operation plan used in the selected candi-
date for the physical distribution plan is selected. The
second constraint is, for example, BX < MXY. M repre-
sents a relatively large constant. B represents a pxXm
matrix. An element b;; in an i-th row and a j-th column of
B is set to 1 in a case where the j-th candidate for the
physical distribution plan uses an i-th candidate for the
operation plan. The element bij in the i-th row and the j-
th column of Bis setto 0 in a case where the j-th candidate
for the physical distribution plan does not use the i-th
candidate for the operation plan. B represents, for exam-
ple, a 4X7 matrix illustrated in FIG. 15.

[0107] The information processing device 100 sets a
third constraint. The third constraint is that the sum of the
weights of the packages simultaneously delivered by the
mobile body in the candidate for the operation plan is
equal to or smaller than the loadable weight. The third
constraint is, for example, ZX < Q. Z represents an sXm
matrix. s represents the total number of sections forming
the candidates for the operation routes in all of one or
more candidates for the operation plan. An element z; in
an i-th row and a j-th column of Z is set to 1 in a case
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where the candidate for the delivery route indicated by
the j-th candidate for the physical distribution plan uses
an i-th section. The element z; in the i-th row and the j-
th column of Z is set to 0 in a case where the candidate
for the delivery route indicated by the j-th candidate for
the physical distribution plan does notuse the i-th section.
Z represents, for example, a 12X7 matrix illustrated in
FIG. 15. Q represents a vector with s elements. An i-th
element q; of Q represents an upper limit value of the
loadable weight of the mobile body in the i-th section. Q
represents, for example, a 12X 1 vectorillustrated in FIG.
15.

[0108] The information processing device 100 sets the
objective function using the prepared variable X and var-
iable Y. The information processing device 100 sets an
objective function Z=1Pcy; + Z=1Mtx;, for example, c;
represents a cost required for the i-th candidate for the
operation plan. For example, c; includes a fixed cost per
operation plan, a cost proportional to the operation time
of the mobile body in the i-th candidate for the operation
plan, and a cost required in a case where the i-th candi-
date for the operation plan is implemented by introducing
a new mobile body. A vector ¢ having c; as an element
is, for example, a 1x4 vector illustrated in FIG. 15. t;
represents a cost required for the i-th candidate for the
physical distribution plan. t; represents, for example, a
cost proportional to the weight of the package and the
number of times the package is transshipped in the i-th
physical distribution plan. A vector t having t; as an ele-
ment is, for example, a 1 X7 vector illustrated in FIG. 15.
[0109] The information processing device 100 sets the
optimization problem using the first constraint, the sec-
ond constraint, and the third constraint so as to minimize
the index value indicated by the set objective function.
The information processing device 100 calculates a so-
lution of the variable X and a solution of the variable Y
by solving the set optimization problem. The information
processing device 100 determines that the candidate for
the physical distribution plan corresponding to the ele-
ment x; that is set to 1 out of the solutions of the variable
X is the physical distribution plan to be included in the
delivery plan. The information processing device 100 de-
termines that the candidate for the operation plan corre-
sponding to the element y; that is set to 1 out of the so-
lutions of the variable Y is the operation plan to be in-
cluded in the delivery plan. The information processing
device 100 generates the delivery plan including the de-
termined operation plan and the determined physical dis-
tribution plan, and outputs the same so that the user may
refer to the same.

[0110] Therefore, the information processing device
100 may generate the appropriate delivery plan so as to
reduce the delivery cost while reducing the processing
amount and the processing time required when generat-
ing the delivery plan. The information processing device
100 may simultaneously optimize the operation plan and
the physical distribution plan, for example, so that this
may reduce the processing amount and the processing
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time required when generating the delivery plan.

[0111] The information processing device 100 may
generate the delivery plan that is difficult to create man-
ually based on the candidates for the operation route that
are difficult to create manually. The information process-
ing device 100 may generate the delivery plan so as to
reduce the number of operation plans based on one or
more candidates for the operation route prepared so as
to facilitate the allocation of the packages handled by one
mobile body to another mobile body. Therefore, the in-
formation processing device 100 may facilitate the re-
duction in the delivery cost.

[0112] The information processing device 100 may
easily suppress the increase in delivery cost due to the
transshipment of the package based on the candidate
for the physical distribution plan in which the number of
times the package is transshipped is relatively small. The
information processing device 100 may easily suppress
the increase in delivery cost due to the operation of the
mobile body based on the candidate for the physical dis-
tribution plan in which the delivery time is relatively short.

(Example of Entire Processing Procedure)

[0113] Next, an example of an entire processing pro-
cedure executed by the information processing device
100 will be described with reference to FIG. 16. Entire
processingis implemented by, forexample, the CPU 401,
the storage area such as the memory 402 and the re-
cording medium 405, and the network I/F 403 illustrated
in FIG. 4.

[0114] FIG. 16 is a flowchart illustrating the example
of the entire processing procedure. In FIG. 16, the infor-
mation processing device 100 executes first generation
processing described later with reference to FIG. 17 or
18, to generate one or more candidates for the operation
plan (step S1601).

[0115] Next, the information processing device 100 ex-
ecutes second generation processing described later
with reference to FIG. 19 or 20, to generate one or more
candidates for the physical distribution plan (step S1602).
Then, the information processing device 100 sets an in-
teger plan problem based on the generated one or more
candidates for the operation plan and the generated one
or more candidates for the physical distribution plan (step
S1603).

[0116] Next, the information processing device 100
solves the set integer plan problem using a solver to de-
termine the operation plan and the physical distribution
plan (step S1604). Then, the information processing de-
vice 100 finishes the entire processing.

(Example of First Generation Processing Procedure)

[0117] Next, an example of a first generation process-
ing procedure executed by the information processing
device 100 will be described with reference to FIG. 17.
First generation processing is implemented by, for ex-
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ample, the CPU 401, the storage area such as the mem-
ory 402 and the recording medium 405, and the network
I/F 403 illustrated in FIG. 4.

[0118] FIG. 17 is a flowchart illustrating the example
of the first generation processing procedure. In FIG. 17,
the information processing device 100 sets variable i =
1 (step S1701).

[0119] Next, the information processing device 100
generates candidates for a shortest operation route from
a start point Si to an end point Gi of an operation plan i,
and generates candidates for the operation plan that de-
fines the generated candidates for the shortest operation
route (step S1702).

[0120] Next, the information processing device 100 de-
termines whether i = threshold is satisfied (step S1703).
Here, in a case where i = threshold is satisfied (step
S1703: Yes), the information processing device 100 fin-
ishes the first generation processing. In contrast, in a
case where i= threshold is not satisfied (step S1703: No),
the information processing device 100 shifts to process-
ing at step S1704.

[0121] At step S1704, the information processing de-
vice 100 disconnects a link of any section present on the
generated candidate for the shortest operation route
(step S1704). Next, the information processing device
100 sets variable i =i + 1 (step S1705). Then, the infor-
mation processing device 100 returns to the processing
at step S1702.

(Another Example of First Generation Processing Pro-
cedure)

[0122] Next, another example of the first generation
processing procedure executed by the information
processing device 100 will be described with reference
to FIG. 18. First generation processing is implemented
by, for example, the CPU 401, the storage area such as
the memory 402 and the recording medium 405, and the
network I/F 403 illustrated in FIG. 4.

[0123] FIG. 18 is a flowchart illustrating the another
example of the first generation processing procedure. In
FIG. 18, the information processing device 100 specifies
n operation plans L1, L2,...., Ln in which the weight of
the delivered package is relatively small out of the exist-
ing operation plans (step S1801).

[0124] Next, the information processing device 100
specifies m bases N1, N2,..., Nm, which are a passing
point or an arrival point in the specified n operation plans
(step S1802). Then, the information processing device
100 sets a variable i = 1 (step S1803).

[0125] Next, the information processing device 100
generates candidates for the operation route from the
start point Si to the end point Gi of the operation plan i
such that many bases included in the m specified bases
are included, and generates candidates for the operation
plan that defines the generated candidates for the oper-
ation route (step S1804).

[0126] Then, the information processing device 100
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determines whether i = threshold is satisfied (step
S1805). Here, in a case where i = threshold is satisfied
(step S1805: Yes), the information processing device 100
finishes the first generation processing. In contrast, in a
case where i = threshold is not satisfied (step S1805:
No), the information processing device 100 shifts to
processing at step S1806.

[0127] At step S1806, the information processing de-
vice 100 sets variable i =i + 1 (step S1806). Then, the
information processing device 100 returns to the
processing at step S1804.

(Example of Second Generation Processing Procedure)

[0128] Next, an example of a second generation
processing procedure executed by the information
processing device 100 will be described with reference
to FIG. 19. Second generation processing is implement-
ed by, for example, the CPU 401, the storage area such
as the memory 402 and the recording medium 405, and
the network I/F 403 illustrated in FIG. 4.

[0129] FIG. 19 is a flowchart illustrating the example
of the second generation processing procedure. In FIG.
19, the information processing device 100 sets variable
i =1 (step S1901).

[0130] Next, the information processing device 100
stores a node present next to a start point Si of a physical
distribution plan i in a stack (step S1902). Then, the in-
formation processing device 100 extracts a node j with
shortest delivery time from the stack (step S1903).
[0131] Next, the information processing device 100 de-
termines whether node j = end point Gi of physical dis-
tribution plan i is satisfied (step S1904). Here, in a case
where node j = end point Gi of physical distribution plan
i is not satisfied (step S1904: No), the information
processing device 100 shifts to processing at step S1905.
In contrast, in a case where node j = end point Gi of
physical distribution plan i is satisfied (step S1904: Yes),
the information processing device 100 shifts to process-
ing at step S1906.

[0132] At step S1905, the information processing de-
vice 100 clears out the stack and stores the node present
next to the start point Si of the physical distribution plan
iinthe stack (step S1905). Then, the information process-
ing device 100 returns to the processing at step S1903.
[0133] At step S1906, the information processing de-
vice 100 generates candidates for a delivery route from
the start point Si to the end point Gi of the physical dis-
tribution plan i via the extracted node j, and generates
candidates for the physical distribution plan that defines
the generated candidates for the delivery route (step
S1906).

[0134] Next, the information processing device 100 de-
termines whether i = threshold is satisfied (step S1907).
Here, in a case where i = threshold is satisfied (step
S1907: Yes), the information processing device 100 fin-
ishes the second generation processing. In contrast, in
a case where i = threshold is not satisfied (step S1907:
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No), the information processing device 100 shifts to
processing at step S1908.
[0135] At step S1908, the information processing de-
vice 100 sets variable i =i + 1 (step S1908). Then, the
information processing device 100 returns to the
processing at step S1903.

(Another Example of Second Generation Processing
Procedure)

[0136] Next, another example of the second genera-
tion processing procedure executed by the information
processing device 100 will be described with reference
to FIG. 20. Second generation processing is implement-
ed by, for example, the CPU 401, the storage area such
as the memory 402 and the recording medium 405, and
the network I/F 403 illustrated in FIG. 4.

[0137] FIG. 20 is a flowchart illustrating the another
example of the second generation processing procedure.
In FIG. 20, the information processing device 100 sets
variable i = 1 (step S2001).

[0138] Next, the information processing device 100
stores a node present next to a start point Si of a physical
distribution plan i in a stack (step S2002). Then, the in-
formation processing device 100 randomly extracts a
node j from the stack (step S2003).

[0139] Next, the information processing device 100 de-
termines whether node j = end point Gi of physical dis-
tribution plan i is satisfied (step S2004). Here, in a case
where node j = end point Gi of physical distribution plan
i is not satisfied (step S2004: No), the information
processing device 100 shifts to processing at step S2005.
In contrast, in a case where node j = end point Gi of
physical distribution plan i is satisfied (step S2004: Yes),
the information processing device 100 shifts to process-
ing at step S2006.

[0140] At step S2005, the information processing de-
vice 100 clears out the stack and stores the node present
next to the start point Si of the physical distribution plan
iinthe stack (step S2005). Then, the information process-
ing device 100 returns to the processing at step S2003.
[0141] At step S2006, the information processing de-
vice 100 generates candidates for a delivery route from
the start point Si to the end point Gi of the physical dis-
tribution plan i via the extracted node j, and generates
candidates for the physical distribution plan that defines
the generated candidates for the delivery route (step
S2006).

[0142] Next, the information processing device 100 de-
termines whether i = threshold is satisfied (step S2007).
Here, in a case where i = threshold is satisfied (step
S2007: Yes), the information processing device 100 fin-
ishes the second generation processing. In contrast, in
a case where i = threshold is not satisfied (step S2007:
No), the information processing device 100 shifts to
processing at step S2008.

[0143] At step S2008, the information processing de-
vice 100 sets variable i =i + 1 (step S2008). Then, the
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information processing device 100 returns to the
processing at step S2003.

[0144] Here, the information processing device 100
may change processing order of some steps in each of
the flowcharts in FIGs. 16 to 20 and execute. Further-
more, the information processing device 100 may omit
processing at some steps in each of the flowcharts in
FIGs. 16 to 20.

[0145] Asdescribed above, the information processing
device 100 may acquire the first candidate group includ-
ing one or more candidates for the operation route of the
mobile body generated for each mobile body out of a
plurality of mobile bodies. The information processing
device 100 may acquire the second candidate group in-
cluding one or more candidates for the delivery route of
the package using one or more mobile bodies included
in the plurality of mobile bodies generated for each pack-
age out of a plurality of packages based on the first can-
didate group. The information processing device 100
may set the optimization problem using the first variable
indicating whether to select each candidate included in
the acquired first candidate group and a second variable
indicating whether to select each candidate included in
the acquired second candidate group. The object of the
optimization problem is to optimize the index value based
on the first cost regarding the operation of the mobile
body and the second cost regarding the delivery of the
package. By solving the set optimization problem, the
information processing device 100 may determine the
operation route of each mobile body out of the first can-
didate group, and determine the delivery route of each
package out of the second candidate group. Therefore,
the information processing device 100 may reduce the
processing amount and the processing time required
when generating the delivery plan.

[0146] The information processing device 100 may
generate the first candidate group including the shortest
operation route from the departure point of the mobile
body to the arrival point of the mobile body, and one or
more bypass routes from the departure point of the mo-
bile body to the arrival point of the mobile body based on
the shortest operation route as the candidates for the
operation route of the mobile body. Therefore, the infor-
mation processing device 100 may generate various de-
livery plans. The information processing device 100 may
generate the delivery plan that is difficult to create man-
ually.

[0147] The information processing device 100 may
specify, out of existing operation routes of each mobile
body, the passing point of the mobile body on the oper-
ation route on which the amount of the packages deliv-
ered by the mobile body is relatively small. The informa-
tion processing device 100 may generate the first candi-
date group including the operation route from the depar-
ture point of the mobile body to the arrival point of the
mobile body including the specified passing point as the
candidate for the operation route of the mobile body.
Therefore, the information processing device 100 may



29 EP 4 235 541 A1 30

generate the delivery plan such that the number of op-
eration plans becomes small. Therefore, the information
processing device 100 may facilitate the reduction in the
delivery cost.

[0148] The information processing device 100 may
generate the second candidate group including the de-
livery route from the departure point of the package to
the arrival point of the package formed of a combination
of a relatively small number of candidates out of the ac-
quired first candidate group as a candidate for the deliv-
ery route of the package. Therefore, the information
processing device 100 may easily suppress the increase
in delivery cost due to the transshipment of the package.
[0149] The information processing device 100 may
generate the delivery route from the departure point of
the package to the arrival point of the package in which
the delivery time of the package becomes relatively short
formed of a combination of one or more candidates out
of the acquired first candidate group. The information
processing device 100 may generate the second candi-
date group including the generated delivery route as the
candidate for the delivery route of the package. There-
fore, the information processing device 100 may easily
suppress the increase in delivery cost due to the opera-
tion of the mobile body.

[0150] The information processing device 100 may set
the first cost based on the number of candidates selected
out of the first candidate group, whether the mobile body
corresponding to the candidate exists, and the operation
time of the mobile body corresponding to the candidate.
The information processing device 100 may set the sec-
ond cost based on the number of candidates selected
out of the second candidate group, the amount of the
packages corresponding to the candidate, and the
number of mobile bodies that deliver the package corre-
sponding to the candidate. Therefore, the information
processing device 100 may easily optimize the delivery
cost with high accuracy.

[0151] Theinformation processing device 100 may de-
termine the operation route of each mobile body out of
the first candidate group, and determine the delivery
route of each package out of the second candidate group
by solving the optimization problem including the con-
straintregarding the upper limit of the amount of the pack-
ages the mobile body may deliver. Therefore, the infor-
mation processing device 100 may generate a feasible
delivery plan.

[0152] Note that, the information processing method
described in this embodiment may be implemented by
executing a program prepared in advance on a computer
such as a personal computer (PC) or a workstation. The
information processing program described in this embod-
imentis executed by being recorded on acomputer-read-
ablerecording medium and being read from the recording
medium by the computer. The recording medium is a
hard disk, a flexible disk, a compact disc (CD)-ROM, a
magneto-optical disc (MO), a digital versatile disc (DVD),
and the like. Furthermore, the information processing
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program described in this embodiment may be distribut-
ed via a network such as the Internet.

Claims

1. An information processing program that causes at
least one computer to execute a process, the proc-
ess comprising:

acquiring a first candidate group that includes
candidates of operating routes of each of a plu-
rality of mobile bodies;

acquiring a second candidate group that in-
cludes candidates of delivery routes of each of
packages, the delivery routes being combina-
tions of candidates of operating routes selected
from the first candidate group;

setting a function that uses a first variable that
indicates whether to select each of the candi-
dates included in the first candidate group and
a second variable that indicates whether to se-
lect each of the candidates included in the sec-
ond candidate group, the function specifying a
value based on a first cost regarding an opera-
tion of a mobile body of the plurality of mobile
bodies and a second cost regarding a delivery
of a package of the plurality of packages;
determining operation routes of each of the plu-
rality of mobile bodies from the first candidate
group and delivery routes of each of the plurality
of packages from the second candidate group
so as to minimize the value specified by the func-
tion under a constraint, the constraint being that
candidates of operating routes included in the
combination of selected candidates of the deliv-
ery routes from the second candidate group ac-
cordingto the second variable, are selected from
the first candidate group according to the first
variable; and

outputting the operation routes of each of the
plurality of mobile bodies and the delivery routes
of each of the plurality of packages.

2. The information processing program according to
claim 1, wherein

the candidates of operating routes indicate a de-
parture point and an arrival point of the plurality
of mobile bodies, and

the first candidate group includes a shortest op-
eration route from the departure point to the ar-
rival point, and bypass routes from the departure
point to the arrival point that include at least one
bypass point between the departure point and
the arrival point.

3. The information processing program according to
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claim 2, wherein

the at least one bypass point include a transit
point for movement of the package to another
mobile body in the delivery of the package, and
the second cost increases as a number of times
of the movement of the package at the transit
point increases.

The information processing program according to
claim 3, wherein

the candidate route includes a transit point where,
in past delivery routes, weight of packages loaded
on the mobile body by the movement becomes less
than weight of packages before the movement.

The information processing program according to
claim 4, wherein

the second cost increases as a number of times of
the movement of the package at the transit point in-
creases.

The information processing program according to
any one of claims 1 to 5, wherein

the candidates of delivery routes indicate max-
imum loading weights of each of the plurality of
mobile bodies, and

the constraint includes that candidates of deliv-
ery routes that each weight of packages loaded
on each of the plurality of mobile bodies is less
than the maximum loading weights of each of
the plurality of mobile bodies are selected from
the second candidate group according to the
second variable.

The information processing program according to
any one of claims 1 to 6, wherein a number of the
candidates included in the second candidate group
is less than a number of the candidates in the first
candidate group.

The information processing program according to
any one of claims 1 to 7, wherein the set function is
solved to minimize a processing amount required to
obtain the output operation routes and delivery
routes.

The information processing program according to
any one of claims 1 to 8, w herein the set function is

Zi=1PClyi + Zi=1™tXi

x represents the first variable, y represents the sec-
ond variable, c; represents the first cost required for
the i-th candidate for the operation plan, t; represents
the second cost required for the i-th candidate.
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10. Aninformation processing method for a computer to

execute a process comprising:

acquiring a first candidate group that includes
candidates of operating routes of each of a plu-
rality of mobile bodies;

acquiring a second candidate group that in-
cludes candidates of delivery routes of each of
packages, the delivery routes being combina-
tions of candidates of operating routes selected
from the first candidate group;

setting a function that uses a first variable that
indicates whether to select each of the candi-
dates included in the first candidate group and
a second variable that indicates whether to se-
lect each of the candidates included in the sec-
ond candidate group, the function specifying a
value based on a first cost regarding an opera-
tion of a mobile body of the plurality of mobile
bodies and a second cost regarding a delivery
of a package of the plurality of packages;
determining operation routes of each of the plu-
rality of mobile bodies from the first candidate
group and delivery routes of each of the plurality
of packages from the second candidate group
so as to minimize the value specified by the func-
tion under a constraint, the constraint being that
candidates of operating routes included in the
combination of selected candidates of the deliv-
ery routes from the second candidate group ac-
cordingto the second variable, are selected from
the first candidate group according to the first
variable; and

outputting the operation routes of each of the
plurality of mobile bodies and the delivery routes
of each of the plurality of packages.

11. The information processing method according to

claim 10, wherein

the candidates of operating routes indicate a de-
parture point and an arrival point of the plurality
of mobile bodies, and

the first candidate group includes a shortest op-
eration route from the departure point to the ar-
rival point, and bypass routes from the departure
point to the arrival point that include at least one
bypass point between the departure point and
the arrival point.

12. The information processing method according to

claim 11, wherein

the at least one bypass point include a transit
point for movement of the package to another
mobile body in the delivery of the package, and
the second cost increases as a number of times
of the movement of the package at the transit
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point increases.

The information processing method according to
claim 12, wherein

the candidate route includes a transit point where,
in past delivery routes, weight of packages loaded
on the mobile body by the movement becomes less
than weight of packages before the movement.

The information processing method according to
claim 13, wherein

the second cost increases as a number of times of
the movement of the package at the transit point in-
creases.

An information processing device comprising
a control unit configured to:

acquire afirst candidate group thatincludes can-
didates of operating routes of each of a plurality
of mobile bodies,

acquire a second candidate group that includes
candidates of delivery routes of each of pack-
ages, the delivery routes being combinations of
candidates of operating routes selected from the
first candidate group,

set a function that uses a first variable that indi-
cates whether to select each of the candidates
included in the first candidate group and a sec-
ond variable that indicates whether to select
each of the candidates included in the second
candidate group, the function specifying a value
based on a first cost regarding an operation of
a mobile body of the plurality of mobile bodies
and a second costregarding a delivery of a pack-
age of the plurality of packages,

determine operation routes of each of the plu-
rality of mobile bodies from the first candidate
group and delivery routes of each of the plurality
of packages from the second candidate group
so as to minimize the value specified by the func-
tion under a constraint, the constraint being that
candidates of operating routes included in the
combination of selected candidates of the deliv-
ery routes from the second candidate group ac-
cording to the second variable, are selected from
the first candidate group according to the first
variable, and

output the operation routes of each of the plu-
rality of mobile bodies and the delivery routes of
each of the plurality of packages.
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FIG. 11

CANDIDATE FOR OPERATION PLAN
(TWO PASSING POINTS, THREE SECTIONS)

START POINT

1101
PASSING 15
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SECTION 2
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END POINT
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(ONE PASSING POINT, TWOQO SECTIONS)

END POINT

SECTION 5

SECTION 4

PASSING ﬁ
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FIG. 13

OPERATION PLAN CANDIDATE 1300
MANAGEMENT TABLE J
LOADABLE
NUMBER | WEIGHT UPPER BASE 1 BASE 2 BASE 3 BASE 4
LIMIT
1 10 TONS A E F B
2 9 TONS A G H B
3 7 TONS C E H D
4 8 TONS C G F D
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FIG. 15

VECTOR Q (12x1)

EP 4 235 541 A1

o o o
ST OSSO0 NNNO®OODWO®
— N oM <
pd pd = pd
@) @) O @)

— — — —
= = > =
< < < <
e e o e
L L w L
o o o o
@) @) O @)

r A AT A N A N A 3
OO 0000000 O MM
O o0oo0oomooomooo
';OONOOOOOONNO
gooooc\lmoooc\loo
\N’oooooc\lc\lc\loooo
O OO0 T+ O OO OO0 OO
T OO0 0000 TO O OO

|_
<C
>
R T
o o - oo o —
o O - - O - O
~~~ ~~~
NO = O N O O
p>r<)O1—|O éOHOH
N’ N’
<« © — O ne — — o
X = O O X O 1 O O
— —
|D_ﬁ1—|oo |D_f~—|c>~—|c>
v v
<C <C
> >

VECTOR t (1x7)

VECTOR ¢ (1x4)

C1000 0 0 500 500 750 0>

(10000 12000 9000 8000>



EP 4 235 541 A1

FIG. 16

( START )

EXECUTE FIRST GENERATION PROCESSING
AND GENERATE ONE OR MORE CANDIDATES [~ S1601
FOR OPERATION PLAN

Y

EXECUTE SECOND GENERATION PROCESSING
AND GENERATE ONE OR MORE CANDIDATES [~ S$1602
FOR PHYSICAL DISTRIBUTION PLAN

INTEGER PLAN PROBLEM ~— 51603

DETERMINE OPERATION PLAN AND PHYSICAL
DISTRIBUTION PLAN BY SOLVING INTEGER [~ 51604
PLAN PROBLEM

END
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~— 51701

GENERATE CANDIDATE FOR
SHORTEST OPERATION ROUTE
FROM START POINT Si TO END
POINT Gi OF OPERATION PLAN i

AND GENERATE CANDIDATE FOR
OPERATION PLAN

~— 51702

S1703

YES

i = THRESHOLD?

N
O /\/51704

DISCONNECT LINK OF ANY SECTION
EXISTING ON CANDIDATE FOR
SHORTEST OPERATION ROUTE

END

i=i+1

~— 51705
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FIG. 18

( START )

SPECIFY n OPERATION PLANS IN
WHICH WEIGHT OF PACKAGES IS
RELATIVELY SMALL

~— 51801

SPECIFY m BASES AS PASSING
POINT OR ARRIVAL POINT IN n
OPERATION PLANS

~— 51802

~— 51803

GENERATE CANDIDATE FOR
OPERATION ROUTE FROM START
POINT Si TO END POINT Gi OF
OPERATION PLAN i SO AS TO
INCLUDE MANY BASES INCLUDED
IN m BASES AND GENERATE
CANDIDATE FOR OPERATION PLAN

~ 51804

END
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FIG. 19

STORE NODE PRESENT NEXT
TO START POINT Si OF
PHYSICAL DISTRIBUTION PLAN
i IN STACK

~ 51901

~— 51902

EXTRACT NODE j WITH
SHORTEST DELIVERY TIME
FROM STACK

51904

NODE j = END
POINT Gi OF PHYSICAL

NO

~ 51903

DISTRIBUTION PLAN i?

GENERATE CANDIDATE FOR
DELIVERY ROUTE FROM START
POINT Si TO END POINT Gi OF
PHYSICAL DISTRIBUTION PLAN
i VIA EXTRACTED NODE j AND

GENERATE CANDIDATE FOR
PHYSICAL DISTRIBUTION PLAN

51907

i = THRESHOLD?

NO
/\/51908

~— 51906

/\/51905

STORE NODE PRESENT NEXT
TO START POINT Si OF
PHYSICAL DISTRIBUTION PLAN
i IN STACK
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FIG. 20

~— 52001

STORE NODE PRESENT NEXT
TO START POINT Si OF
PHYSICAL DISTRIBUTION PLAN
i IN STACK

~— 52002

A 4

RANDOMLY EXTRACT NODE j
FROM STACK

~— 52003

NODE j = END
POINT Gi OF PHYSICAL
DISTRIBUTION PLAN i?

52004

NO

GENERATE CANDIDATE FOR
DELIVERY ROUTE FROM START
POINT Si TO END POINT Gi OF
PHYSICAL DISTRIBUTION PLAN
i VIA EXTRACTED NODE j AND

GENERATE CANDIDATE FOR
PHYSICAL DISTRIBUTION PLAN
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STORE NODE PRESENT NEXT
TO START POINT Si OF
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i IN STACK

~— 52006
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